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Abstract 
Soil evaporation is an important component of the water balance in irrigated agriculture. 
Mulching can be an effective technique to reduce soil evaporation but its efficiency depends on 
meteorological conditions and the characteristics of the different mulching materials. The 
objective of this work was to assess the effectiveness of inorganic (plastic) and organic (pine 
bark, vine pruning residues, geotextile and wheat straw) mulching materials for soil evaporation 
control during the energy-limited and falling-rate evaporation stages. Soil evaporation rates (ER) 
were quantified through consecutive weighings of initially wet soils placed in trays in the 
laboratory and in microlysimeters in the field. ER depended on meteorological and experimental 
conditions, stage of evaporation and type of mulching material. In the falling-rate stage, ERs 
decreased linearly (p < 0.001) with decreases in GWC, and for long drying periods the ERs 
were low and similar among treatments, implying that soil mulching will be ineffective for soil 
evaporation control in low-frequency irrigation systems. In the energy-limited stage, all mulching 
materials decreased the ERs in relation to the bare soil, but the plastic, vine residues and pine 
bark materials had lower ERs than the rest of mulching materials. These materials will be 
therefore recommended for soil evaporation control in high-frequency irrigation systems where 
the soil surface remains wet most of the time.  
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1. Introduction 
Soil evaporation is the process whereby liquid water is converted to water vapour and 
removed from the soil surface. Soil evaporation is determined solely by meteorologic conditions 
(i.e., solar radiation, air temperature, air humidity and wind speed) when the amount of water 
available for evaporation at the soil surface is unlimited. During this “energy-limited stage”, soil 
evaporation is constant and occurs at its maximum rate limited only by meteorologic conditions. 
As the upper soil dries out, the decreasing hydraulic conductivity cannot be compensated by an 
increasing hydraulic gradient and water cannot be transported to the soil surface at the required 
rate to supply the potential demand. As a consequence, the evaporation rate is reduced in 
proportion to the water available at the soil surface (“falling-rate stage”) (Idso et al., 1974; Allen 
et al., 1998).  
Soil evaporation is a very important component of the water balance in natural and 
cultivated systems. It is estimated that 50-70% of the annual precipitation returns to the 
atmosphere without any benefit to biomass production (Jalota and Prihar, 1990). The reduction 
of soil evaporation is essential to increase the water use efficiency of agricultural crops. The use 
of mulching materials is an efficient way to reduce the exchange of water vapour between the 
soil surface and the atmosphere. Consequently, the evaporation of water from a mulched soil 
decreases relative to a bare soil, and more water is available for beneficial crop transpiration 
(Sarkar et al., 2007; Hou et al., 2010).  
The type, amount or thickness of the mulching materials, and the atmospheric 
evaporative demand determine the rate of soil drying (Tolk et al., 1999). Mulching with 
impervious materials such as plastic films minimizes the evaporation of water from the soil 
surface, but prevents the entry of rainfall into the root zone of crops. In contrast, mulching with 
porous materials allows the entry of rainfall, but soil evaporation increases over that of 
impervious materials. Therefore, the benefits of the different types of mulching materials for 
water conservation are weather-dependent and rely on the balance between the water entering 
the soil from rainfall and irrigation, and the water leaving the soil by evaporation and 
transpiration. 
Soil mulching is a well-established technique for increasing the profitability of crops, and 
the effectiveness of inorganic and organic mulches for soil evaporation control has been 
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documented for numerous annual crops (Unger and Parker, 1976; Todd et al., 1991; Tolk et al., 
1999; Ghosh et al., 2006; Awoodoyin et al., 2007). Particularly, in the last decade in China soil 
mulching with plastic film and different straw materials has been used to reduce soil 
evaporation, improve crop water use efficiency and minimize salt build-up in the root zone of 
crops (Huang et al., 2005; Deng et al., 2006; Xie et al., 2006; Dong et al., 2009; Yuan et al., 
2009; Hou et al., 2010; Wang et al., 2014). However, most of these and other works were 
focused on the response of crops to soil mulching rather than on quantifying soil evaporation as 
affected by the different mulching materials.   
Besides the benefits for water conservation, soil mulching is an efficient alternative to 
traditional methods of weed control because it prevents contamination of soil and groundwater 
by pesticides. Other advantages include protection against surface runoff and erosion, 
acceleration of crop maturity and, in general, an increase in the economic productivity of 
horticultural crops. The use of opaque materials such as black polyethylene films prevents light 
penetration, reduces the germination of weed seeds (Walsh et al., 1996) and provides a 
physical barrier to the emergence of weeds (Teasdale, 2003) and to gas exchange. Plastic films 
have been used widely as mulching materials and are used on a large scale in horticultural 
crops because in combination with high-frequency drip irrigation systems they substantially 
reduce the evaporation from the wetted surface and improve application irrigation efficiency. 
Soil mulching has shown positive effects on yield, fruit quality and earliness of harvest due to 
soil heating, an advantage of great interest in the marketing of early horticultural crops (Moreno 
and Moreno, 2008).  
However, some practical problems may arise in soil mulching. Plastic films may rip and 
deteriorate with time in open meteorological conditions and must be reinstalled. Also the 
remains of plastic materials have to be properly removed from the field at the end of the crop 
growing cycle to avoid soil contamination, although the introduction of photo- and biodegradable 
plastic materials has greatly reduced this problem. Organic mulches have to be renewed 
periodically to maintain their effects because they decompose with time (Haynes, 1980). In 
general, soil mulching implies a high economic cost factor since the materials are not often 
available within the farm and have to be purchased elsewhere, transported to the site and 
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installed on the plots. These aspects have restricted the use of mulching in most cases to high-
value commercial crops (McCraw and Motes, 2009). 
Many mulching experiments measuring its effectiveness in reducing soil evaporation 
were conducted in cropped soils and therefore their results are affected by the difficulties to 
separate soil evaporation from crop transpiration. The objective of the present work was to 
determine the evaporation losses from uncropped soils subject to different types of inorganic 
(plastic) and organic (pine bark, vine pruning residues, geotextile and wheat straw) soil 
mulching materials with the aim to assess their efficiency for soil evaporation control. 
 
2. Materials and methods 
Soil evaporation was measured or estimated with different inorganic and organic 
mulching materials in laboratory (Experiment 1) and field (Experiments 2) conditions. In 
experiment 1, the top layer (0-10 cm) of a clayey soil located in the experimental farm of the 
Agrifood Research and Technology Center of Aragon (CITA) was used. The soil of experiment 
2, located in the AFFRUCAS (Association of fruit growers of the County of Caspe) farm, has an 
average depth of 1.5 m and is classified as calcic haploxerept, fine loamy, mixed, thermic (Soil 
Survey Staff, 2006).  
The field capacity (FC) and permanent wilting point (PWP) determinations were 
performed in the CITA laboratory with a pressure plate apparatus at pressures of 33 and 1500 
kPa, respectively, according to Klute (1986). Disturbed soil samples were taken at several 
locations in each experiment with a 50 mm diameter auger. The particle size composition and 
the values of FC and PWP of the soils used in the two experiments are presented in Table 1 
(means of three replications).  
 
2.1. Experiment 1 (soil trays) 
Soil evaporation from a saturated soil placed in plastic trays closed at the bottom and 
covered with different mulching materials was measured by weighing periodically the trays with 
a 0.1 g precision balance. The trays were located in a room maintained at constant air 
temperature (28ºC) and air relative humidity (60%). The trays (29 cm length, 19 cm width and 5 
cm height) were filled with 1000 g of air-dry soil. Based on a measured saturation percentage of 
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the soil of 56 g per 100 g, the required amount of water was evenly added to each tray to bring it 
to saturation. The gravimetric values of FC and PWP of the soil were 27.5 g per 100 g and 18.7 
g per 100 g, respectively (Table 1). Thereafter, the mulching materials were placed over the 
saturated soil in direct contact with it. The trays were weighed the first day of the trial just after 
the installation of the mulching materials over the saturated soil. The weight was measured 
three days after the beginning of the experiment and daily thereafter at 09:00 am. The positions 
of the eighteen trays on the bedplate were changed randomly every day. 
Besides the control or bare soil, the following mulching materials were examined: black 
polyethylene (PE) film of 0.1 mm thickness with a specific weight of 0.09 g cm-3 (plastic); natural 
fibers of jute geotextile (Corchorus capsularis) with a thickness of 5.5 mm and a specific weight 
of 0.10 g cm-3 (Ponpun Viscosa Yute-6.5 of 650 g m-2; Bontrech Co., Zaragoza, Spain) 
(geotextile); wheat chopped straw with 5 cm thickness and a specific weight of 0.08 g cm-3 
(wheat straw); vine pruning residue with 5 cm thickness and a specific weight of 0.09 g cm-3 
(vine residues); pine bark (chunks of 3 cm average diameter) with a thickness of 5 cm and a 
specific weight of 0.17 g cm-3 (pine bark).  
The statistical design was at random with three replications per treatment.  
 
2.2. Experiment 2 (microlysimeters)     
Soil evaporation was measured by weighing periodically 36 microlysimeters (ML) 
installed in a nectarine orchard located in the AFRUCCAS experimental farm (county of Caspe, 
Zaragoza, Spain, 41º 18´ 57´´ N, 0º 4´ 57´´ E, 157 m elevation above sea level). Gravimetric 
values of FC and PWP of the soil layer 0-20 cm were 26.0 g per 100 g and 11.0 g per 100 g, 
respectively (Table 1). The climate was characterized using the daily data gathered in an 
automated agrometeorological station located close to the AFRUCCAS experimental farm.   
 The MLs were installed in three replicated mulching treatments (bare soil, and geotextile 
and pine bark with a 10 cm thickness) at two positions (tree rows and emitter laterals) 
completely shaded by the trees. Two MLs were installed in each position. Thus, each treatment 
had 12 MLs. The cylindrical MLs were made of white polyethylene with 80 mm outside diameter, 
76 mm inside diameter and 100 mm height. In the upper part of the ML a wire handle was 
incorporated to facilitate its periodic extraction from the holes made in each position.  
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The MLs were filled with undisturbed soil by inserting them in some wetted areas close 
to the experimental area one day after an irrigation event. Therefore, the initial gravimetric soil 
water content was slightly above field capacity in all MLs (average of 29.6 g per 100 g as 
compared to a value of 26.0 g per 100 g at field capacity). After filling, the bottoms of the MLs 
were sealed with black polyethylene film. The MLs were weighed just before installation. 
Afterwards, the MLs were extracted and weighed with a portable balance (0.01 g precision) at 
around 10:30 am at different date intervals. After each weighing, the MLs were located again in 
their previous positions. This process was followed in two periods: 27 June-7 July and 26 July-
25 August 2011.     
To facilitate the extractions of the MLs in the geotextile treatment, an opening of 10 cm 
by 20 cm was made on each ML location and the geotextile was placed over the ML without 
direct contact with the wetted soil. In the pine bark treatment a 30 cm by 30 cm metallic screen 
was placed above each ML and the pine bark chunks were located over it without direct contact 
with the wetted soil.   
The orchard was irrigated daily with a drip system with two laterals per tree row located 
at 0.5 m from the rows with 1 m spaced self-compensating emitters with a discharge of 4 L h-1. 
Each tree was in the center of 1 m square with four emitters located in the corners. All mulching 
treatments received the same amount of irrigation. The seasonal irrigation water applied in 2011 
was 677 mm and the annual rainfall was 347 mm. The irrigation water applied did not affect the 
soil moisture inside the MLs since the top of the ML wall was positioned about 1 cm above the 
soil surface to avoid the entrance of irrigation water.  The evaporation was monitored during two 
drying cycles starting with the ML at around field capacity in each drying cycle.   
 
2.3. Statistical analysis 
The results were analyzed using analysis of variance (ANOVA) and General Linear 
Model (GLM) procedure of the SAS 9.1 software (SAS Institute, 2004). The means were 
separated using the Tukey’s multiple comparison test at p = 0.05. 
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3. Results 
 
3.1. Experiment 1 (soil trays) 
The cumulative soil evaporation increased linearly (i.e., constant evaporation rate) in all 
mulching treatments until day four since the start of the drying cycle (Fig. 1). Following this 
energy-limited stage, the evaporation rate declined with time in those treatments with highest 
evaporation rates (bare soil, geotextile and vine residues treatments) because of the 
increasingly limited amount of water at the soil surface (falling-rate stage). The cumulative 
evaporation deviated from the linear relation on day 5 in the bare soil, day 6 in the geotextile 
and day 7 in the vine residue (Fig. 1). The cumulative soil evaporation was different among 
treatments, with values at the end of the experiment (day 7) highest (above 7 mm) in the bare 
soil, geotextile, vine residues and wheat straw treatments, intermediate (5.5 mm) in the pine 
bark treatment and lowest (2.2 mm) in the plastic treatment (Fig. 1). Although low, evaporation 
in the plastic treatment was important, indicating that the trays were not completely sealed or 
that the 0.1 mm thickness polyethylene film allowed the transfer of some water vapour through 
it. 
The average daily soil evaporation rates (ER) for the first four days of the drying cycle 
(energy-limited stage) were different (p < 0.05) among all the mulching treatments, with a lowest 
value of 0.32 mm day-1 in the plastic treatment and a highest value of 1.64 mm day-1 in the bare 
soil (Table 2). For the 4-6 days period (energy-limited or falling-rate stages depending on 
treatments) the three treatments with highest cumulative evaporation amounts and lower 
residual soil water contents (bare soil, geotextile and vine pruning residues) decreased their 
ERs. At the end of the experiment (6-7 days period), the ERs of these treatments further 
decreased to values that were similar (p > 0.05) to the ER of the plastic treatment because the 
low amount of soil water remaining in these treatments was the limiting factor for soil 
evaporation.  
The relative effectiveness of the different mulching treatments for soil evaporation 
control in the energy-limited stage was based on the results obtained for the period 0-4 days, 
when evaporation rates were independent of soil water content (i.e., linear increases of 
cumulative evaporation, Fig. 1). Table 2 shows the percent relative soil evaporation rates of the 
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five mulching treatments in relation to the bare soil evaporation rate of 1.64 mm day-1. The 
plastic treatment had the lowest relative ER (19%), although it was higher than expected for a 
material considered impermeable to vapour transfer. The next most efficient mulching material 
for soil evaporation control was pine bark (relative ER = 45%), followed by wheat straw (66%) 
and vine pruning residues (77%). The geotextile material in contact with the wetted soil had the 
lowest efficiency for soil evaporation control (relative ER = 89%), presumably because its pores 
adsorbed part of the soil water by capillarity, and this water was then readily transferred as 
water vapour to the atmosphere.  Based on these results, the mulching materials in contact with 
the wetted soil had the following order of effectiveness (high to low) for soil evaporation control: 
plastic > pine bark > wheat straw > vine residues > geotextile > bare soil.  
 
3. 2. Experiment 2 (microlysimeters) 
During drying cycle #1 (length of 10 days) the average daily values of wind speed, air 
temperature and air relative humidity were 2.9 m s-1, 25.2 ºC and 46%, respectively. A rainfall of 
4.4 mm was recorded at day 8, and the cycle was halted at day 10 because of a rainfall of 11.4 
mm recorded three days later. During drying cycle #2 (length of 30 days) the average daily 
values of wind speed, air temperature and air relative humidity were 2.8 m s-1, 26.5 ºC and 54%, 
respectively. Rainfall during this cycle was negligible (0.4 mm). Except for rainfall, the 
meteorological conditions in both cycles were therefore similar. 
The cumulative soil evaporation increased steadily in the three mulching treatments 
during the energy-limited stage and leveled-off during the falling-rate stage as the soil inside the 
ML dried out (Fig. 2). The behavior of soil evaporation during the first 10 days was similar in 
both drying cycles, but with lower cumulative evaporations in cycle #1 than in cycle #2. In the 
first periods of both cycles the cumulative evaporation was highest in the bare soil, intermediate 
in the pine bark and lowest in the geotextile treatment. At later periods of cycle #2, the 
cumulative evaporation of the three mulching treatments tended to equalize and leveled off at 
values of about 26 to 31 mm at day 30 (Fig. 2) because the soil inside the ML was very dry 
(average GWC = 9.5 g per 100 g) and hydraulic conductivity was the limiting factor for soil 
evaporation.  
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The average daily soil evaporation rates were relatively high and different (p < 0.05) 
among the three mulching treatments at the beginning of the drying cycles (until day 3 in cycle 
#1 and day 7 in cycle #2, Table 3) when the soil was wet (energy-limited stage). At these dates 
the evaporation rates were highest in the bare soil (3.8-3.0 mm day-1), intermediate in the pine 
bark treatment (2.2-1.9 mm day-1) and lowest in the geotextile treatment (1.4 mm day-1). Thus, 
relative to the bare soil the evaporation rates decreased by about 40% and 60% in the pine bark 
and geotextile treatments, respectively. Afterwards, the soil evaporation rates decreased 
significantly (falling-rate stage) and were similar (p > 0.05) among treatments. The increases in 
evaporation at the end of cycle #1 were due to the 4.4 mm rainfall recorded in this period. At the 
end of cycle #2 (days 29-30) the soil inside the MLs was very dry and the soil evaporation rates 
in the three mulching treatments were similar (p > 0.05) and almost negligible (0.2 mm day-1 or 
lower).  
Soil evaporation and soil water content were positively and linearly correlated (p < 
0.001) in the three mulching treatments (Fig. 3). These relationships are linear because most 
observations pertain to the falling-rate stage of soil evaporation (i.e., GWC below field capacity). 
At low GWC, the soil evaporation rates were very low and similar among the three treatments 
because the limiting factor for evaporation was the insufficient volume of water in the ML. As 
GWC increased, soil evaporation rates deviated among treatments and became highest in the 
bare soil, intermediate in the pine bark treatment and lowest in the geotextile treatment. 
Accordingly, the slopes of the corresponding linear equations were different (p < 0.05) and 
indicate that, relative to the bare soil, the increases in the rate of soil evaporation per unit 
increase in GWC were reduced by 54% and 71% in the pine bark and geotextile treatments, 
respectively. Therefore, although the experimental area was shaded by the canopy of the 
nectarine trees, soil mulching proved to be very beneficial for soil evaporation control.  
 
4. Discussion 
To facilitate comparisons among experiments 1 and 2, Table 4 summarizes for each 
mulching treatment the most consistent results obtained in terms of daily soil evaporation rates 
(ER). Unique, absolute ER values for each mulching treatment could not be specified because 
of differences among experiments, length of drying cycles and soil water contents (i.e., energy-
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limited and falling-rate stages). However, the relative efficiencies of the tested treatments for soil 
evaporation control proved to be generally consistent among experiments, with the exceptions 
given below. Thus, during stage 1 (energy-limited stage) the plastic, vine residues and pine bark 
materials were most efficient, and the bare soil and the geotextile material were least efficient 
for soil evaporation control. In contrast, during stage 2 (falling-rate stage) the ER values were 
low and similar (p > 0.05) for all mulching treatments (ER-2 in experiment 2 for bare soil, 
geotextile and pine bark,  and ER6-7 in experiment 1 for bare soil, geotextile, vine residues and 
plastic).    
Experiment 1 discriminated better the ERs in stage 1 among mulching treatments 
because it was tightly controlled and the standard errors were very low (Fig. 1). However, this 
indoor experiment was not subject to some climatological variables such as wind that could be 
relevant under field conditions. The results in experiment 2 were probably the most consistent 
because water percolation was not allowed outside the microlysimeters and because they were 
located in real field conditions, but only three mulching treatments were analyzed because of 
the high labor required in this experiment.  
Contrasting results were obtained in the geotextile treatment between experiments 1 
(very high ER, equal to 89% of bare soil in stage 1) and 2 (low ER, equal to 41% of bare soil in 
stage 1). Moreover, the geotextile was less efficient for soil evaporation control than the pine 
bark in experiment 1, but more efficient in experiment 2 (Table 4, stage 1 in both experiments). 
One reason for this apparent discrepancy could be that the mulching materials were in contact 
with the wetted soil in experiment 1 but not in experiment 2. It was speculated that the finer and 
uniform pores of the geotextile in contact with the wetted soil were able to adsorb by capillarity 
the water present at the soil surface that was thereafter readily transferred as water vapor to the 
atmosphere, whereas the larger and patchy pores of the pine bark were less able to adsorb the 
soil water by capillarity.  
Our results confirm those of other works reporting the efficiency of different mulching 
materials for soil evaporation control. Thus, Fuchs and Hadas (2011) indicated that retardation 
of evaporation depended on the nature of the mulching material; Yuan et al. (2009) found that 
the porous materials slowed the transport of vapor to the atmosphere but did not completely 
prevent soil evaporation; Todd et al. (1991) concluded that the straw mulching in a maize plot 
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reduced the evaporation as compared to the bare soil, and that this reduction was lower at low 
(rainfed) than at high (irrigation) soil water contents; and Aragüés et al. (2014) showed in a 
grapevine orchard that plastic and grapevine pruning residues were more efficient for soil 
salinity control than the bare soil because of their reduced soil evaporation.  
 Overall, the results obtained in experiment 1 indicate that the black PE film was the 
most effective material for soil evaporation control during the energy-limited stage. Similar 
results were obtained in other studies under cropped soils. Ghosh et al. (2006) found in a 
peanut crop that the reduction of soil evaporation was higher with plastic than with wheat straw 
cover except in the rainy months; Maurya and Lal (1981) also concluded from a study with a 
maize crop that in the dry period the reduction of soil evaporation was higher with plastic than 
with rice straw cover; Kumar and Dey (2011) showed in a strawberry crop that plastic and cereal 
straw cover significantly reduced soil evaporation as compared to the bare soil, while cumulative 
evaporation was higher with plastic than with cereal straw; and Awoodoyin et al. (2007) 
established the efficiency for soil evaporation control of different mulching materials in a tomato 
crop that followed the order black plastic > bark materials > weed residues > bare soil.  
After the plastic material, the next mulching material most effective for soil evaporation 
control was the pine bark (experiment 1, stage 1). Although the ER was higher with this material 
than with plastic, it would allow the infiltration of rainfall whereas the plastic is impermeable to 
rainfall. Therefore, pine bark and other porous materials such as wheat straw and vine residues 
could be more beneficial than plastic in terms of root zone water storage in areas where rainfall 
is relevant. These porous materials could be also more effective than plastic for soil salinity 
control, as indicated by Aragüés et al. (2014) in a grapevine orchard with a precipitation of 109 
mm that infiltrated through the vine residues mulch but was intercepted by the plastic mulch.       
For long drying cycles and relatively low soil water contents (falling-rate stage), 
differences in ERs among treatments were small (Table 4). Similar results were obtained by 
Unger and Parker (1976) and Xie et al. (2006), with ERs almost identical in all the tested 
mulching treatments for long periods of evaporation and the subsequent drying of soils. Thus, 
soil mulching would be most beneficial in high-frequency irrigation systems were the soil 
surface remains wet most of the time, whereas it would be less beneficial in low-frequency 
irrigation systems where the soil surface dries out between irrigations.         
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5. Conclusions 
 Soil evaporation depended on meteorological and experimental conditions, stage of 
evaporation (energy-limited or falling-rate stages) and type of mulching materials. Soil 
evaporation increased linearly with increases in soil water content in the falling-rate stage, but 
these increases were much lower in the mulched than in the bare soil because of the lower 
energy available for evaporation at the mulched soil surface.    
All mulching materials decreased soil evaporation in the energy-limited stage in relation 
to the bare soil, but the decreases and their significance varied among the two experiments. In 
experiment 1 (soil trays), the average daily soil evaporation rates (ER) were different (p < 0.05) 
among all mulching treatments, with highest ER decreases in plastic and pine bark, and lowest 
ER decreases in geotextile and vine residues with a 5 cm thickness. In experiment 2 
(microlysimeters) where, in contrast with experiment 1, the mulching materials were not in 
contact with the wetted soil, the geotextile was more beneficial than the pine bark for soil 
evaporation control.  
During the falling-rate stage where evaporation is controlled by soil water content, the 
evaporation rates were low and similar among treatments, suggesting that soil mulching will be 
inefficient for soil evaporation control in low-frequency irrigation systems where the soil remains 
dry most of the time. During the energy-limited stage, the plastic and pine bark materials in 
contact with the wetted soil were most effective for evaporation control. These materials will be 
therefore recommended in high-frequency irrigation systems because of the high and almost 
continuous wetting of the soil surface in these systems. Only in cases were the mulching 
materials would not be in contact with the wetted soil, the geotextile will be recommended over 
the pine bark for soil evaporation control.  
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Table 1. Soil texture and gravimetric water contents at field capacity (FC) and permanent wilting 
point (PWP) of the 0-10 cm soil depth in Experiment 1 (soil trays) and 0-20 cm soil depth in 
Experiment 2 (microlysimeters).  
 
Sand 
(%) 
Silt 
(%)
Clay 
(%) 
FC 
(g per 100 g)
PWP 
(g per 100 g) 
Experiment 1  33 28 39 27.5 18.7 
Experiment 2 25 50 25 26.0 11.0 
 
 
Table 2. Experiment 1 (soil trays): average daily soil evaporation rates measured in each soil 
mulching treatment in different periods of the drying cycle. Within each column, values followed 
by different letters are significantly different (p < 0.05). For the period 0-4 days, the percent 
average daily soil evaporation rate in each soil mulching treatment relative to that in the bare 
soil is also shown in parenthesis.  
Soil evaporation rate (mm day-1) 
at period (initial day-final day): Soil mulching 
treatment 
0-4 4-6 6-7 
Bare soil 1.64f (100%) 0.65b 0.10a 
Geotextile 1.46e (89%) 0.96c 0.19a 
Vine residues 1.27d (77%) 1.19d 0.38a 
Wheat straw 1.08c (66%) 1.17d 1.00b 
Pine bark 0.74b (45%) 0.85c 0.89b 
Plastic     0.32a (19%) 0.27a 0.25a 
 
 
 
Table 3. Experiment 2 (microlysimeters): average daily soil evaporation rates measured in each 
soil mulching treatment in several periods of the two irrigation-drying cycles. Within each 
column, values followed by different letters are significantly different (p < 0.05).  
Soil evaporation rate (mm day-1) in each 
irrigation-drying cycle at period (initial day-final day): 
Cycle #1 Cycle #2 
Soil mulching 
treatment 
0-1 1-3 3-8 8-10 0-1 1-7 7-8 8-15 15-16 16-29 29-30
No. days 1 2 5 2 1 6 1 7 1 13 1 
Bare soil 3.7c 3.8c 1.0a 1.9b 5.3c 3.0c 1.7a 0.9a 0.4a 0.3a 0.1a 
Pine bark 1.6b 2.2b 0.8a 1.5b 2.7a 1.9b 1.6a 1.0a 0.7b 0.5a 0.2a 
Geotextile 1.0a 1.4a 0.8a 0.9a 2.0a 1.3a 1.8a 1.0a 0.8b 0.6a 0.2a 
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Table 4. Average daily soil evaporation rates (ER) obtained in each soil mulching treatment in 
experiments 1 and 2. The percent values in each treatment relative to those in the bare soil are 
shown in parentheses. Within each column, values followed by different letters are significantly 
different (p < 0.05). Stages 1 or 2 for each experiment are given in the last row. 
Experiment 1 Experiment 2 
aER0-4 bER6-7 cER-1 dER-2 
Soil mulching 
treatment 
------------------ (mm day-1) -----------------
Bare soil 1.6f 
(100%) 
0.10a 
(100%) 
3.4c 
(100%) 
1.0a 
(100%) 
Wheat straw 1.1c 
(66%) 
1.0b 
(1000%) 
--- --- 
Pine bark 0.74b 
(45%) 
0.89b 
(890%) 
2.1b 
(62%) 
0.9a 
(90%) 
Geotextile 1.5e 
(89%) 
0.19a 
(190%) 
1.4a 
(41%) 
0.9a 
(90%) 
Vine residues 1.3d 
(77%) 
0.38a 
(380%) 
--- --- 
Plastic     0.32a 
(19%) 
0.25a 
(250%) 
--- --- 
eStage 1 1 or 2 1 2 
aAverage of period 0-4 days 
bAverage of period 6-7 days 
cAverage of stage 1 (periods 1-3 days of cycle #1 and 1-7 days of cycle #2) 
dAverage of stage 2 (periods 3-8 days of cycle #1 and 8-15 of cycle #2) 
eStage 1 = energy-limited stage (high soil water content in topsoil; evaporation 
limited only by energy availability at the soil surface) 
eStage 2 = falling-rate stage (limited soil water content in topsoil; evaporation 
reduced in proportion to the amount of water remaining in topsoil). 
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Fig. 1. Experiment 1 (soil trays): cumulative evaporation of the initially water-saturated soil 
measured in each soil mulching treatment during seven days at constant air temperature (28 
ºC). Each point is the average of three replications (± SE). 
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Fig. 2. Experiment 2 (microlysimeters): cumulative evaporation of the soil initially at field 
capacity (GWC = 26.0 %) measured in each soil mulching treatment in drying cycles #1 (10 
days length) and #2 (30 days length). Each point is the average of 12 microlysimeters (± SE). 
 19
y = 0.35x - 39
R2 = 0.939
y = 0.10x - 1.0; R2 = 0.743
y = 0.16x - 1.9
R2 = 0.940
0
1
2
3
4
5
6
10 12 14 16 18 20 22 24 26 28 30
Gravimetric soil water content (GWC, g per 100 g) 
S
oi
l e
va
po
ra
tio
n 
ra
te
 (m
m
 d
ay
-1
) Bare soil
Pine bark
Geotextile
 
Fig. 3. Experiment 2 (microlysimeters): relationships and linear regression equations between 
soil evaporation rate and gravimetric soil water content measured in each soil mulching 
treatment in the two study irrigation-drying cycles. Each point is the average of 12 
microlysimeters. 
 
